Modulation of oscillatory neural activities by cholinergic activation of interneurons in the olfactory center of a terrestrial slug.
The neurons in the procerebrum (PC) of the terrestrial slug Limax marginatus show regular oscillation of their membrane potential, and the oscillation has been implicated in olfactory processing. The neural mechanisms for the generation and modulation of the oscillation have been poorly understood. In the present work, we examined the ionic conductances evoked by acetylcholine (ACh) in the PC neurons and the effects of ACh application on the population activities of intrinsic and extrinsic neurons. The PC neurons are categorized into bursting neurons, which are putative local inhibitory neurons, and nonbursting neurons, which likely mediate the input and output of information in the PC. Bath application of ACh augmented the local field potential oscillation in the PC. Perforated patch recording from single PC neurons revealed that ACh has direct excitatory effects on bursting neurons, while it suppresses the activity of nonbursting neurons, possibly via augmented inhibitory synaptic input from bursting neurons. The correlation between the membrane potential of bursting neurons and the frequency of oscillation suggests that bursting neurons are the main determinant of the oscillation frequency. Application of ACh also resulted in a reduction of the oscillation amplitude in the olfactory nerve, suggesting that the frequency modulation in the oscillatory network could change the activities in the follower neurons.